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'.54; VARIABLE DELAY CIRCUIT 

(11) 5-136664 i Ai »43» i.6.1993 t!9) JP 

(2i) Appi. No. 4-;f>470e t22l 23.4.1992 «33i JP (3i> 9ip.204365 (32) 14.8.1991 
(71) ADVANTEST CORP '72) YOKICH! HAYASHK2) 
{51} Int. CP. H03K5 13 



PURPOSE: To obtain minute delay with high resolution. 

CONSTITUTION: CMOS gates being a P-channel FET 21 and an N-channel FET 
22 are connected to an input terminal 23 and drains are connected to an output 
terminal 24, the source of the FET 21 is connected to a positive power supply 
terminal 20 through resistor elements 37„. 37 : , 37. — composed of P-channel 
switchable FETs whose resistance is respectively R 0 , R lt .R,». and the source 
of the FET 22 is connected to a negative power supply terminal 30 through 
resistive elements 38,. 38 : . 38 : - composed of Nchannel switchable FETs whose 
resistance is respectively 3 0 , R.. 3-.... The resistor elements 38„. 38„ 38,— 
are composed cf single FET on!y i Figure a), or series connection of plural 
FETs -Figure b). or parallel connection of plural FETs 'Figure c). or series 
connection cf a passive resistance element and one FET iF:g-i-e d). The 
resistance elements 27,. 37.. 37,--- are constituted similarly. Delay setting signals 
S». 5:— are decoded by a decoder 39. 
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(57) »»] (lit) 

[§«] »*tg<7>S!ua'>gji*?i5. ' 

CWfiSJ P^r^FET 2 1 tn?t^FET2 

2 <h©C MO SOy-hA^Sf 2 3 icfctasn. K 
K>ttffl**^2 4lcai«Sn. FET2KOV-X 
li -£-ft-6ft R« . R, , R, -<7)X-f y^nlgg 
fcp****FETJ:0fcS«ift»?3 7a , 3 7, . 

3 7, "ZmCTiEOmmigTZ OlZHWtZtl, FET 
2 20V-X«**ve*iKftttjjtR, , R, . Rj 

X-f ^"Itefcn^r^FETiOfcSffitt*^ 8 

o . 3 8, . 3 8.. -*ai;Tfiro*»jrF3oc:a« 

$tt5. fSJaSfl 1 3 8,> . 3 8, , 3 82 —!iFET 1 

*iFET«*:*B5i|K«Lfc&0>d-C**. «ft**3 
7. . 3 7, . 3 7, -fc|^tSlC»Bt$n-5. 
*3 9CfcoaSKSIl*s, . S, .^fa-Kin 
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(2 

t>^oojB i attaint. 

mm 1 tttt*^a v±esb 2 kk*t«o*>*7«» 

*»«-r*aS«*¥R&. 

[IS#r|2] CMOS.*:. 
* ffflCMOSffl-Si. fO-J|C5CM0S<DFETi 

FETi. 

JbECMOS©tt*i. *-©|fiJg<0CM0S©FET& 

Pi-ss^r. ±Eiiiwffi«i<i:(?5p B iicifA$nfc^2 a? 

FETi. 

±ECMOSi±ESBlFETi<D«ttMU:. ±ISliH 
C0353 FETt. 

J:ECM0SiJ:EJB2FETi:<Dtt* J ftfc. ±ESjg 
ff>IM&emcttltetl. ±E^2FET«i:h-SS« 
0)314 FET£. 

±E« 3 F E T £it flfcff A £ ftft& lZ4y*t. 

=t 2 aaaAtiEAajrpxttiaaJs^ciM* ■?<? 
±Eaa«fi#at±o±ESB i x<r ??&ocm 2 x-r 

?<!:. 
at. 

[0 0 0 1] 

[0 0 0 2] .50 



' #§B¥5 - 1 3 6 6 6 4 

2 

SSSl 1. 12, 1 3?WIW{C»«snTtt 

1 ra-owassK-en-enny^r 1 st 1 6 taw 

A 5 ft. gii&l 2TI4-^«>«Bt©*iafl!)Ay7 

7 1 6*<#Asn. assi 3 nt-^^^izo^m. 
m&&Zixtz2®<»n~j7T 1 SAWAsnrn*. n 

•V7 7 1 6OTgJfiiiIilT. < tiA'-y77 1 5 <0£tSigi£ 
tT. 4 ©2»tSftTl»*. ftSXftll. 12. 13 

0>**U7* i 4£#r*-fcU7 hftatBKttttM* 
«K*«JELT. 3««>a»**»-o>*. 

[0 0 0 3] *fcH 1 2C*-TJ:iC*aJiai 1. 1 
2. 1 3C*V>T*0:ZO©aB<D-:&C©*ag*:p 

1 9#-s-ft-ettff Asn. -e-wsgg^^ 1 90)1413 
t. . ti . ti a. iwtT*»*»*ii|*Afr* 

i. t. = A, t: =2 A. t 3 =4At*0, gj£g 

ASftsaaa^i 9<*>asat. tt2«-« Ai^nt 

[0 0 0 4] " 

6it-€-ro*aaiJ4ttttt«*t<. aoa7j^i7~ 
ts&. a«»«n*±»f***«Ha-c*ofc. f$icc 

[o o o 5] m i 2\z^Ltzmmzaux^ -eosa 

*3a4tieot-t>ss*ji^aBBfis<oxftic<fct)Ta 
a»?i 9©aa«Ktf6o*3j<±i;. xe«*ioh! 
6^*ttf«)a»fea»t4. &m%*=F\$\za^T<» 
tfsottatfi-t. **aask:*j^T«tt*aa 
aa-tcowa-k-coaii«<ofD*<tfS7tcj:oTa'b 
tfto. ao. *oaa»-coaa*<tt5o*cioa 

*£ftofcUSTt>, ^gtl-SftSMlAOTSgSftfttt 

1 ICSHTIi (1 +a) t, = A<fcfc9. 2g§0)i§ 
Jggl 2CiHTtt (l+o) t* =ti (1-a) + 
A£&9. Sott: =2 A/ (l+o) : S 
5C3ftB0a*ftl 3<C«tvCI2 
(l+o) t, = (t, +ts ) (l-o) +A. 
Tt, =4A/ (l+o) « ttt*. nft««SftTl» 

^Tiiagati t ■ =2'-' -A/d + 

a) • 
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3 

[0 0 0 6] C^^a«*g(CjfiUg«60^a^f< 
«*U aStttt«&«>iSXl t . =2"' -AiOfc 

asi***a<ttft*. -e-ft/fttittt-fftsjgss* 
<t-r5**«re/i<^5. c0o!ia«cMosy-h 

[0 0 0 7] 

i. ^2roh7>vx^wsA^(istuc^$nx 
AfiasTizmmsn. mi h ? cote^t ago 

-« i <o ffl ic 5 t> [c fi fitffl 5 A CI" 5 x -f -v J-si&ts. >» 
£ffii/tfi*RKTftX-f •y?BllBa^ft< itroOS 

[0 0 0 8] a*JI2rojgiHlC«fcfttfCMOS<7>-$g£ 
Sig<0-^t c0P s Tic-€-roc MO S tf>-3g<Z> F E T <h|S|- 
1 FET#*«Sti. $ftCMOS<5iai 
««0>teai £ OraiC-etOC MO S <OffiJg<D F E T tm- 
W**0JB2FETjJt««Sft, CMOStSBlFET 
£<B»«.S£*«Wfla»£cD|3|lc3g 1 FETtl^-Sa 
»©»3 FETA«tt«iSn. CMOSOtt*tJB2FE 
T *t*OJB 2 FETiW-W«»0)»4FE 
T*aUT«B«>-J|»Ctt«Sft. JB3FETtilJUC 
SlX-f v 3ft. SR4FET<»:iaji|lc3l2X-f 30 

>*7tci8s-r5ii}iis:s#s^Kwenfcii2ajga 
i oxnQisBiiciittnicmestiTti 

[0 0 0 9] »*JH3®«9IK:«fcfttf. a^C9«»« 
SJCfftJSl. 312 K7>vX^a>-3S*tSl»lca«5S 
ft. ^©SAfiattaaoAaa^KfclJtSft, 

i. SB2 h9>&>*?aiftfli.«tt<f saurta 
ajsmcsaan. sin. m2hy>i;x9<f)&ntiMi 

ftTHft. 
[0 0 10] 

[££ffl] 0 1 i;m*« l ©asKosuSH**-*-. c<o 

T. 11 f-7>->'X?iLtpf t^;iFET2 1 
•18 2 K7>y'X?tLTnft?-JI,FET2 2A<fflU£ 
ft*. FET2 1. 2 2<OSGjA773ig. 0«9Hy-Mi 
fXZg&SftTArtJfS? 2 3 ICg^Sft. FET2 



5 f#§3¥ S - 1 3 6 6 6 4 

4 

33^2 4KttttSftft. 

[0 0 1 1] FET2 10ffii8£Sig2 5 ©KHlc&ja 
aftft^mifiS^ 0 tODWfCp^r^^F ET 2 
6. 2 7(0«5?IS»**»«Snfti^lccni:JtM»cp 
ft^FET2 8^Sni. FET2 2(Offlat 

n?tWFET29, 3 1 OEflES&tf&fcSftSi 
& (C C ft t & n \Z n =f- r * fl, F E T 3 2 ft $ ft 5 . 
FET2 8. 2 9. 3 1 ©&y- h^-fe hfl^iSg^ 
3 3 £88? £ ft. cro-fcUi7 hfI#5rP3 3ii-f >A- 
?3 4£5>LTF ET2 6, 2 7. 3 2 05&y- Hc& 
&aft-5. FET 2 1. 2 2. 2 6-29. 31. 32 

[0 0 12] C©*jstC*l»T. W&TZZV-tVZhm 
^difiU^KTjJS^fi. FET2 6. 2 7. 2 9. 3 1 
FET2 8. 3 2^>t*5. &oT. FE 
TO rtU aj^jjg^ 2 4 (C?¥STft|i?srS 

l^Ctrfti. -feU^ h>n^{®L/^c;KD^^|jai 
©«f£};i0 2 AK^fSHBlElSSifcft. i8f3 3ff)tl/ 
f hft^A<«U^;K7DJi^{iFET 2 6. 2 7, 2 9. 
3l7>t*>. FET2 8, 3 2*<*7t40. 

^TttFET2 1. 2 2<tSS«^2 0. 3 0<hcD§ 
fBltil FETTft&a ft. -fcU* ^{i^;5<^9!^< 

'<;^-e^iFET2 1. 2 2&«fttt?2 0. 30<h<D& 
Wtt2««>*>FETOiIMEl»T*«an«. 
[0 0 13] ArtS8?-2 3lCA7j<f*t#4;t£ft. -tft 
* ? ei"^KDifS[JFET2 ia<*>. FET2 2*«* 
7i40, qfcM¥2 0A^FET2 6. 27X&28 

A«**ttFET2 1iJ«*7. FET2 2A<t>i)S 
0. ttiTjig?- 2 4A»^F ET2 9. 3 1X(J32£at; 
XWUM^ 3 O^aSA^SSftft. 
[0 0 14] ftr>T. tUi7 hm^^SU^;KO«^fi 

A^m^^A7jaft5<hiiffl0K(i0 3A(c^-r<toic 

A/3^^2 3ttH^a^2 4tOW»C-^05f>Stitr 
a»H5?ca«ahfctt»fcfcs. CC0A77«Si i 2 3K*t 
LTXf7^;U$M5i, Si77ja^ 2 4(Dtti7J{i 
H3B!C*1-cfc?.tC (r + r) C©«SR-CfgaH»-C 
4±ft. 

[0 0 15] -2FtU? ^fl^^il!U^;K7)ig^(iA7J 
ft^A<A77$ft5<i:l?ffil2]iSiiS3CtC^-r«t-5tC. A 
^38?- 2 3 <hlii^ia^2 4t<0HIC = O(7)+>|£t»vr^ 

T*f-y-7/Vl,x£tiQZZ>t. Stl7j« : f2 4CO!1573tJS 
3 DC^-TiotC (r + 2r) C <OR?Sa-CfgSCB5ST 

0 3 AW«g- < t0ti5i±0A«a^. 
[0 0 1 6] ttjft^g^i&SU-^HOijittO. 5$ 
L*^tt-U^;tfr«t. exp (-t/r) =0. 5 

^6utueu^jnca-rft$TroRjw«0 3Aroi8^ 
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(4 

5 

(it. =0. 69C (r + r) . 03CO)iSS(it: = 
0. 6 9C (2 r + r) oiZSigmm t 

1 . t: 01K;pl,/5:j§iga*jSfta?| 

[00 1 7] B4C«-TJ:9CFET2 6. 2 7. 2 8 
* = oM?l(Cg^L. FET2 4, 3 1. 3 2 £E^£ 

;WCFET2 1, 2 2<hSi!g3872 0, 3 0 £<0|B] 

(i-en-?n-i@o)^->sfiiir^fiHc^$n5Acs!>. 20 

[0 0 1 8] a 1. 04£>f5jtt(c:;fctr>T&FET2 1. 

2 2 2 0, 3 OiKOSPflrt*. -feu? Sd^cO 
. <Sl^;i>TPJ&OFET7)M-><ifc9. COSCchS/iS 

R(DFET*<tl/? ^<l^<7)ia!L^^;i,-CI^S^>t^n 
«J:<. Cftb<Z>S(il i2<h(;:{E6ft£t><DT/<£U. 
® 5 ICia^if l WfgEp^ffios^jsj^ u a i 
1-5g5f7(C(SI-f?^$#ttT35-S. C0)0iJ-etiFET2 
1 tSiSS8?-2 0 <h<0|S!!;:p-7^*.i!,FET 2 8 £3 5 i» 
<h7><M?IT&ifc$ft. FET3SiLT^t>SiS;J! 
FET2 8co*>ffi£r[(7)2eot,CO^ffl^en-5. FE 
T2 2tmm^3 0t(DraiCn^r^;i,FET3 2 <h 

3 6 tfimVrt&ftZn, FET36iLT^t>g 
trtri*FET3 2<7):t>g{a<0 2fgcDt,<7)^'^bft5. 

tm&lZ-tl>? htm ^)lt#il> 
«fr t lz± K> gft sagftfttft 6 n§ Z t f 2351 ICS* 
£ttcfc-5. C<759illCi3^TFET2 8 £ 3 2t<D*>& 
ta*^L<. FET35i36 <7>3">l£ln7><3i L < . F 
ET2 8£FET3 5£T*>«8to*»fcoTWTtfJ: JO 

[0 0 1 9] 01 IC43UTFET2 8 t. FET2 6& 
#2 7 ili-eft-en5l>Ktttt**»CT*X-r y? 1 *] 

#i^sta*^4-en-?n«65L. s/tF et 3 2 1. f 
et2 9 sac 3 1 ttt-en-enttttfcsanicjicT* 

X-f •7^ 1 nIS6/=£fita^ : F : 5:«6tLT^'5. PlS(ca4(C 
fct^T. F E T 2 8i, F E T 2 6 &tf2 7 li-tftf ft 

-fftfteSU XFET32t. FET2 9&^3 1 ttt 

^ft-eftsi^csttassic-rsx-f -y^sHifttttt* 40 

?£msS.l,~m>. $6lCS5lCi5^rFET2 8 <*: F 
ET3 5ttt*ft^fttt»t«tnt^x-f y^BKBtt 
. ISJai&T-SrWBJcL. FET3 2 £ F E T 3 6<t ii-5-ft-? 
fttttft«4*lcr*X-f •y^5Jsg^cgfi ! ijR^$-5-ft?n 

[0020] ^iz±mza^x',tc\ios. 0*0 

tSiScOSSStWPfltc. -eft-?ft®6tHA<S/j:«X-f y 




' #GB¥5 - 1 3 6 6 6 4 

^ vT°imrmfcM?m&toi£i-tzztiz£-oT& ~~\ 
momRzmtntzztvTzz. ' 

[0 0 2 1] T*fc$«jttfH6 AIC^TJ^KCMO 
S*i«t4FET2 1, 2 2©iIHflM*<0-rJ|. 
0FET2 1 &JEM«1M|?2 0 t©miC2t>K«tt« 
t*Cr4X-f y ^3Itttt8tt*^0!)a»fl3 7. , 3 
7. , 3 7: -*tM5?CS«$ft5. $fcFET2 2t 
AffltiSJS^ 3 0 .hWISllcl^K&ffiHSgic-r-SX-r 
•y^oIil^SK^S 8«- . 3 8. . 3 8. -tiwmz 

[0 0 2 2] 3 7. . 3 7., 3 7. -|j£<o 

0S|Tiip F E T-e-rft-?ft«fiS£ft£ia£-C 

SO. g£rilg^3 8o . 3 8, . 3 8. -IJ-frifnn 
****©FETT*h^ft«fiS<3sft£liS-C**. F 
ET2 1 tnM%?2 0-t©|B|C».«Sftfctt«*^ 
t. FET2 2£«SW?3 0£<&|B|K:tt«Sft/&tt 
**i:«»*J6T*t>0>. Tfcb^3 7, t3 8. . 3 7 
. £ 3 8. . 3 7 ; £ 3 8 2 -ttT-ft-PftSOWCSK® 
i>m-<D*><7)t$tl. -D£<0%.m?3 7, i:3 8o . 
3 7. £3 8. . 3 7* £ 3 8 2 •••<&&ffifa(l!i-£-ft-S : 
ftS(C«T<fc3lCRo . R. . R ; -tSftTH*. 

[0 0 2 3] :tl6»R*f»*«B«itfn?t** 
FETT«B£$ftfcSfi;3Sl^3 8, . 3 8. . 3 8 2 • 
ICOUT^fttf. 0 6 B(7>af;:;iVr < fc?fCHI<7)n? L +• 
*;^FETT8lJ5£;*ft£^>tf). RHbCSf±5C-a 
©n^r**FET©B5ltt«-r*le£Sftfcfcro. £-5 
^liSfCiK L T^/,£HA<z:(@J« Jico n 5 1 r F E T£ 

mn&®LTmB!.$ftftt,0. ximmazTntzoiz 

-®<n n ? -v F E T zmwrnst LT«SS ftfc 
CO. t>L<fi-(i£l±(Dn^r*;i'F ET$36?IS.gjt 

r^AFETiS^JCSftffifitsHTA^aiSftTWsJS 
FET-C»6£T5«^(C*5^Tfc-e<0^->Sgt^5^IC 

[0024] iiss^fi^so . s, . s 2 -ttaaiB 

ft. ^Wfli^flS^Yo . Y, . Yi -©l^ft^^SU 

^J^^Yo . Y,. Y: -\*Zn.?tlt&tfiX?3 8o . 
3 8. . 3 8. -©tftiWrtTSn^r+^FETO 

^-nciia*ftf ftttiuesnatjjfc, <>A -_^ S 

-e-ft-eft^LT«K*^3 7a . 3 7, . 3 7. -V* 
ft*«E?T5 P7 i i-^^FETW'y*-h!c-i5-n-5-'nS.8! 

[0 0 2 5] JJt>T/i>AJixn-^3 gcDtU^^S^ Y 
» AtliU^Uc/iii:, gtnsR^-3 7., <h38o t^'H . -J 
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(6) 



an*. zo>f et s so>y-Hzm>SimmwBis 6t>< 

m%$tlZ. 3JaBS8««S6tLTttBijJttt( t8 5 7 
©«**t««2 5<on«IC«JK$n. *-©5Jft?©HJ;>7 
MOTXHftftftS 60aj^fflJign4. XFET2 
1. 2 20>m&. miHK>IWWH5 8 

[0 0 3 2] CO»fitJC^^ T 5 Ja:aei j afli56w[1J ^ 
£WAtf0 75g53j*;l,h<O|S!-c£fc£ttS£. FET5 

*>«RA*afkTS. cniC s fcOFET2 1, 2 2 £9 

2 3C«*tfSE©*»*«ff#**Sft* 
t. FET2 1. 2 2©HH>B/j. TftfctX >A 
-*5 8©A*«ffttHl0f=*rj:5k:tt*. 010 
tCJSHT*©/^ JioI^iiSSlig 5 6 0)tBft« 

«fcLfc*T*oT. V, # 0 . 2 #*].©«£* 0 * 
^£FET5 5©*>ffifc*<*#< KK>|fl*«E 

SffV, i**<T«ffli:e,TFETS5«)*>fi|ft 

*<**<ft9. cnicko >ffl^*ff<ojiT0iZ 
2. 5#;bhfr*t. KK>ai**ffi©jZToa± 

0«x-y->*<&«5aiSJ5EV, KtfCTSfcU o$DV, 

o. 4#*h#af* Tttft<i fcot/j^-rs-iat 

[0 0 3 3] a*oy-h7U-Ctt2A*NANDa 

*<0SM®&ZmBt?5Zt*-Ci*Z. fftfc$0 9B 
K*-f£?l;:p^r*^FET2 l t£m\zp?<r*n, 
FET 5 9 C©FET5 9©y-K£nJ£ 

a»««S6a>tiiAflic:ftfit-r5. osoa*wy-h 

7U-C*5UT. FET2 l<i:5 9t(OSy- K$A/j 
tU FET2 1. 59£FET22 £C«fc 9 NAND 

y- h £H 9 B (C^-T J; 5 £ F E T 2 2 til 3*ltc F E T 
5 5£{g^-r-5£&K-;5<7)A?J-e;&5FET5 goy 

*fc»FETS 9tt*(M-7i&-aTJ30. ft?T09 
AKwl/fc*fr£H«©ftf*4T*. 09ASC<9B(C 
*l>T»iail»«J| 5 6 -caWT* F E T 5 5 $ F E T 
2 l«lc»AUTt>*l>. C'«)«ft|JtOFET5Stt 



70 



**M¥5- 1 3 6 6 6 4 



TttttWt? 2 0 ©SJEJ: 0 fettt^E^ J8±r* J: 3 

[0 0 3 4] ±.*n&nmn. ra^ai. 04. a 
5. S6. 07. H9ic*Lfc**jg«tt*n-eft*a 

1. 01 2iz^Lftj:^iz^mmmrim^o)-z>(Ds 

[0 0 3 5] 

!*«©»*] a±»^fcJ:3C|||3ftqiioJ69|fc:j:n 

tf. ®^®*sic-r5x-r-y?5i«t^aa©ffi{itsi^$ 

fkS*TC»**f. LTaCK*^* 
*©*>£f/i£?iJfflLT*59. -s-<o*(cJ:-bT-E-©&^ 

#k««es4i,t«isst 

[0 0 3 6] »CH6AC«LfcJ;3C-o©a«EBS 

a 7 o #©'> ft t » a t, i#*«g 0 pisasiH]K * meat * 

» [0037] 2 ©s^ tCct n«s * cm*« 1 © 

^^©pixiigBKwA^iix^ai^Kwtca^tccM 
os4 3**&aaa 4tt ,t T , cnicwux-fvf 

(C s fcOFET4 6, 4 8$S^tft0ig»fLft0r.5C ' 
<!: K«k -3 TI23gi§igS©SSi£ $ 6 tc£< c & **T 
*fcFET2 1. 2 2«kOft5CMOS$§tr0K 

■r«?iCck^T-o©is^fi#icj;5asa*^f <-r 

« [0 0 3 8] »*qi3©36WtC«kntfCMOS©«k3ft 
fflSi[51S5(C» LTa?"|lc-o© h ^ > ->'X rJ'^ gJS L. 

*© i- 7 >->*^^©*>ttfit*5iaia«*aTiw»-r« 

1 2lC^Lft6E*cO«|6£{Ci3UTy- h-g"C5 0 0 tT 

a»©«if*«»6n*ir«t. 3 5ooe3»©g^ 

8 > T*^.i:-r*<»:±*^H5 i g^( J 3 5 0 tra^ift 
5<? 0. CftA«c©H«aat»tT7*9X. 7-ft^2 0 " 
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7 

7(0££T&*. C<0<£?lCl,TaS£^£fI*t£cfcO« 
jfi£^3 7o . 3 7 t . 3 7 2 ~<0— Ctlt^ 
T£ (cntB-ERiO)) SK*^3 8a , 3 8i . 

3 8: -<&-Ofca<HRK*>i:fcoT. HUCOUT 

0>a8**a3ilSWEIt^So . Si -<Dtt»IcfcoTtt 
*T**WT*3. 
[0 0 2 6] H7fC»*3B2<oaW«)*JSW*«"r. c 

OiiSS^S^LAc^^T, FET2U 2 2±0M 
CMOS<©aj^H<tai*i« : F-2 4tO)(BI(C, FET4 
1, 42<k06SCMOS43^ -f«y-h*FET 
2 1. 2 2ffl£LTff A2tt£. FET41iip5 1 ^^ 
*-e*oT*a>FET4 2 0)*llt«tE»li«)ttii (V 
-X) tSCfttPJ-^S^cOOSO pftWOFET 

4 4^ii;tiKf2 oi:s»sn. *a>y-M*c 

MOS 4 3 0y-M:»«Sn5. itCMOS430) 
HSWFET4 20V-Xtt:fttP|-»M. fcT 
nft*^FET4 5A<MMT3 OKftlfcSn*. 
CCOFET4 5 COy- ht> CMOS 4 3 0>y-MC»«. 

(0 0 2 71 CMOS43tFET44t©SWAt« 
mffi? 3 0<h<OHtCpf-**;b(OFET4 6#X< •y?' 
tLT©n^ir*^FET4 7^LtSS$n^ PJ 
«!CCMOS4 3tFET4 5©ttK.«ttg*f2 0 
tfl)(HlCn^r*^©FET4 8 4«, X'fyftLTO 
pft^^FET49^LT^^n^ FET4 

6. 4 8«>fty-Miai*aa : P2 4»ctt«sn*. 
fmm^3 3^x<7f4 7^a»af, t^^fe 

T4 7<oy-ht:aiash, *fc-f>;t-^3 4<OiiJ*J 
fflW<X-r-y^4 9(0$ $38^ -T/ito%FET4 9 0)^ 

[0 0 2 81 £<B<fc3&«rtK*5lr>T, fc£A.tfB8A 
CST^i:AA» : f2 3K«.«t i 7^&±*SEEA 

^jft^Vi ^x^snfcwjc. a?3 3a>a««****« 

l"OKD%&te> FET2 8t3 2W>d:4oO^ 
WWFET2 1, 2 2<fc«iga^2 0. 30£cO& 

SKfi^ j en-en/iN$<, seotcmos 4 3<n\ij\z 

4>L<=>n*lEEV b ^0 8 B<7)*»5 i -e^T^ofctt 
£WiS<iT*. *t«^3 3coa^fi^^KU^;VT 
**fc*£X-f -y*47. 4 9tt*7<hftoTi50. F 

ET4 6, 4 8;i- : E-n-encMOS4 3ictt«$nTn 

.£CO£J&FET4 1. 4 2<7>fty-h • V-XH<OL* 
;i^b^cO¥#0fl',CT*£^0^«5t^ Cttl^Sf 2 



(5) #§fl¥5-l 3 6 6 6 4 

[0 0 2 9] -#38^3 3lc4x5a^ft^^ffiU^;|/ 
0>i»Stt, FET 2 6, 27, 29. 3 1 
0. FET2 1, 2 2tnm$H=? 2 0, 3 0 £<0§ffiK 
UttFET 2 8. 3 2*<*>O*§±0**^ B8 

b coffis s 3 {c^fct ^i:cmos43 coa* ffl<otm 

B*»5 1 J:0t>»*ic(KT"rs. £fcX-Ty^4 7, 
4 9UftCt>tft-3WSft. FET44£CMOS 
4 3t(D»«.«ttFET46*ai;T*Jesn. 
i0 f 2 4W.Sti ^»Ulfil/^T*S^6FET4 6 
(2*>tf*gtC<&9* FET4 1. 4 6<08«.«OtffV 
. Hfil/^tft^WS. FET4 4, 4 6<OS"f> 
fcf-^>XTSiS*SI?2 05^3 0IB!<B«BE**»flE*ft 
TFET4 4 0V-Xi;4A'5nt^5. 1EV» 
»5 3C?£oT"F0. cnt*JCFET4 4V-X«JE 
V, ft<H8 B<0*»T7KT«fc5£±£L. FET44V) 
Y-h • y-Xfflc0L*^®J:0t)CMOS4 3<7)A^ 
tEV k ^fiTt 5 <h F E T 4 1 t^o 0Kf 

£t, ^em^j>^2 40)«*«jiv« ^asctosa 

a? 5 4W^:iJ:^ FET4 1^t>l:^^>C(iCM 
0S4 3OA^iEV. *<BU^<D¥#£9fc3E£T 
KH£TTS#Ba«as. CMOS 4 3<DAfl«EVi 
ffi«5 3*C*-rj:5«C«fcr*«*K:. FET46, 4 

8**««snr^?i^t"r-5t. v. a<au^;Ko¥# 

iCfcofcPMtt* KFET4 1^*>JC74S. $Eot0 
K^LfcHSSlCCMOS 4 3££tra£g4 0 SttStT 

5c<bi:J:0, a«ft**<i«u^tt»Ta)a*a*P» 

[0 0 3 0] H7££^TttaftfMOffiU'<;loWSU 

*«. IDS. OS0h7>yX?2 1, 2 2£Dft*CM 
OStDaiC*5tt*«$a*?3 7o . 3 7i . 3 8o . 3 
8i \ZtttZ*>*7Um£. X<-y5 1 4 7, 4 9 \Ztt 
r**>*7M»t*ft«Cff3t. &ia3&i L 3 7o , 
3 8o J&<*>«»tC»LTX<-y3 t 4 7. 4 9^t>t« 

ST*, fifitlf 3 7 t fttf 3 8i#*>a>*aiC*V> 
TX^7f4 7, 4 9**>ttMHCf*Jfc. *7«»*C 
T«*»tJ:0ttO-O©Hft«aX**BfiT*, ttra 

aaa>a»a*>«**f»c&*«T**. 

[0 0 3 1] $6»C-i8WtCttFET2 1. 2 2COCM 
OS8iLTte0 6 A£*LfcWrt£TSr£feT*C 

fcarcjatft*. as840tth^>'> - x?2i. 22 

**t;aH(H]8(OWaiCtt»Tt)<fc^. 0 9AtC§f*I 
3cO%^c0^ffi^J<:^r. cnt>^*T<OK«tJt*T 

ET2 l(hnftWFET2 2 £<Oft K K >a*5^ 
IC»«$n, *©By-h*«A*a?'2 3£S«<**lT 
50 pft*ilFET21, 22ct045CMOSi. C<0 



u 

*>r>£\t'#) l 0 0 ezttttzi). CKfliS&ESSfcfcu 
T«. 5 o \£3#<r>ftft&<n-5WM%En&'Azztit 
T*fco**. *ICi$-<£ e !;-5fc0 9K*L£fll5Sfc«fcn 

[12 I J tt*« 1 «X9l0X]|MC#rMMilH. 

[0 3] A(iS^ft^7)<fiU^^WKJ{cA^fs^4-A 

[01] 



a 1 




34 .. 



<7) J$Sfl¥5 - 1 3 6 6 6 4 

12 

[0 5] i w^wsecttco*5g0iis^r»a 
0. 

[0 6 j Aitmxm i »*wo-iR«*ji9fi4s-r»« 

0. Z'.t^O&fcm 1 ?- 3 8« . 3 8i . 3 8: -0)S-8| 

[0 7] M**2aft9!e]iafl*#riftltB. 
[08] 0 7w*3swco»iff<oiaw(c«-r**0is» 
0. 

[0 9 ] SfJftB 3 <7)S^<O^3g0y$:iSf ttflKB. 
i» [0 1 0] B9Ae*L&MMe4^S*0£»ttA 
( *C*fr*-f >K-9V>\1j&LM>6:. F E T 5 5 <Df— 
ME£/t 7 ;< - ? £ L T^t" 0. 
[011] ^jfE<O5iXgiSl2l8S*iK-rgM0. 
[0 12] &*0"I£®SB8<3te<B«fig£^-tjg& 
0. 

[0 2] 
0 2 




30 
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(10) 



[01 1] 



1 3 6 6 6 4 




f3 11 

12 13 



is ,71 J ' — --, 

^ i — i i ; ; ! ,T4 » 

16 



18 



[012] 
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12 
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14 



Li: 



19 
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13 

I L U" 



19 
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